This meta-analytic study aims to estimate the likely improvements of erectile dysfunction (ED) measured by the International Index of Erectile Function (IIEF) at the highest fixed dosages of the three available PDE-5-inhibitors: sildenafil, tadalafil, and vardenafil. MEDLINE and the Cochrane Library were searched electronically for efficacy trials of PDE-5-inhibitors for treating ED. In addition drug manufacturers were contacted to provide unpublished or unrecorded congress proceedings. Randomized, double-blind, placebo-controlled, parallel-group, maximum fixed-dose, broad-spectrum efficacy trials using IIEF were included in the analysis. Data were independently extracted by two reviewers. The results were pooled using weighted mean differences. A formal indirect comparison (including Bonferroni-correction) was conducted to estimate the differences between agents. A total of 14 trials were included in the meta-analysis (three with 100 mg sildenafil, eight with 20-25 mg tadalafil, and three with 20 mg vardenafil). All trials were of good methodological quality. Overall heterogeneity was moderate: I 2 ¼ 33.2%, v 2 ¼ 19.47, P ¼ 0.11. The funnel plot suggested moderate likelihood of publication bias. Pooled results of IIEF-improvement were for sildenafil 9.65 (95% CI: 8.50, 10.79) points, tadalafil 8.52 (7.61, 9.42) points, and vardenafil 7.50 (6.50, 8.50) points, respectively. Sildenafil proved to be significantly more effective than vardenafil (d ¼ 2.15, P ¼ 0.006), other pairwise comparisons showed no difference in efficacy. All PDE-5-inhibitors are highly effective in the treatment of ED. At maximum dosage they improve erectile function 7-10 points on the IIEF compared to placebo-treatment. There is evidence that sildenafil might be more efficacious than vardenafil, although this is to be interpreted with caution. To prove higher efficacy truly independent comparative trials are needed.
Introduction
According to high-quality international communitybased epidemiological studies, erectile dysfunction (ED), the difficulty in developing or maintaining an erection suitable for satisfactory intercourse, affects around 16% of the men all over the world. 1, 2 However, some estimates range up to 27%. 3, 4 When using ad hoc definitions of ED reported prevalence rates exceed 40% (for summary see Kubin et al. 5 ). The prevalence of ED increases with age as well as with comorbid conditions including cardiovascular diseases, diabetes, neurological diseases, and depression. 1, 2, 5 There are several treatments for ED, such as hormone compounds, ointments, vacuum-constriction devices, intracavernosal injections of vasoactive agents, transurethral delivery of alprostadil, implantation of penile prostheses, venous or arterial surgery, and psychotherapeutic methods. Nevertheless, with the approval of sildenafil, a phosphodiesterase-5 (PDE-5) inhibitor, in 1998 an oral therapy for ED became available in the US that soon found worldwide acceptance. With the appearance of two other PDE-5 inhibitors, tadalafil and vardenafil in 2003, a competitive situation emerged, which was described by Wyllie as 'the phosphodiesterase inhibitor war'. 6 In his opinion, in 2003 it was high time to see, what the new agents (tadalafil and vardenafil) could and would add to treatment of ED. 6 One aspect of this question, the topic of efficacy is the focus of the present meta-analysis.
Using evidence-based medicine (EBM) terms to date efficacy of sildenafil is empirically supported on the level I.A., that is, based on systematic review(s). [7] [8] [9] The efficacy of tadalafil 10 and vardenafil [11] [12] [13] [14] [15] is supported by evidence level I.B., that is, based on high-quality randomized controlled trials (RCT). In these studies all three agents display both statistically as well as clinically significant improvement in erectile functioning.
In efficacy trials of treatments for ED numerous outcome measures exist. Besides physiological assessments, such as penile rigidity (RigiScan 16 ), physician-(e.g. clinician's global impression (CGI)) and patient-rated instruments are available. General efficacy assessment questions (often abbreviated as GAQ, GEQ or GEAQ), for example, 'Has the treatment improved your erections?', are often preferred and presented as primary outcome to researchers, physicians and patients. Patient diaries (event logs), such as the sexual encounter profile (SEP), are also frequently used to assess 'proportion of successful intercourse attempts' or 'proportion of patients with at least one successful intercourse attempt' as outcomes. Patient questionnaires (e.g. International Index of Erectile Function (IIEF) 17 ) are available and can be analyzed either as items or as scales. The latter is used in almost all newer studies of PDE-5-inhibitors. Most studies use more than one outcome for efficacy assessment.
The objective of the present meta-analysis is to evaluate the efficacy of the available PDE-5 inhibitors for ED and to assess possible difference between these agents using the Erectile Function Domain Score of the IIEF. 17 
Materials and methods

Literature search
In July 2004, the MEDLINE and the Cochrane Central Register of Controlled Trials (CENTRAL) databases were searched for efficacy trials of sildenafil, tadalafil, and vardenafil. In the electronic search the substance and trade names were combined with the truncated terms 'effic*' and 'effec*'. This highly sensitive strategy should enable a more extensive retrieval of relevant studies, than more restricted searches (e.g. by spectrum of disease or outcomes). Additionally, the website of the US Food and Drug Administration/Center for Drug Evaluation and Research was searched for approval studies since in many cases some approval studies are not available in a published format.
The national branches of drug manufacturers of the three examined agents were contacted to provide additional information, such as unpublished congress proceedings. Reference lists of all relevant publications were searched for possible additional papers (ancestry approach).
Inclusion of trials
Titles and abstracts of all identified publications were screened independently by two reviewers (LK and AH). Trials were included, when they fulfilled all of the following criteria: (1) randomized and controlled by placebo (RCT); (2) parallel-group design; (3) double-blinding; (4) administering the maximum fixed-dose regimen of the agent (sildenafil 100 mg, tadalafil 20-25 mg, vardenafil 20 mg); (5) conduction in broad-spectrum sample with ED; (6) administering the IIEF; 17 (7) reporting relevant outcome, at least mean and sample size. When decision about inclusion was impossible on the basis of the abstract, the full text was acquired. Any disagreement between reviewers was resolved by involving a third reviewer (MB) to decide.
Data extraction and assessment of methodological quality Basic data were extracted by LK using a structured form that included the following information: authors; year of publication; language; country; agent; daily dose; duration of treatment; sample size; age; ethnicity; duration of ED; cause of ED; and baseline severity of ED in patient population.
Methodological quality was assessed by LK by means of the Jadad Score. 18 Due to the inclusion criteria (randomization and double-blinding) all studies scored at least two points on Jadad's scale. Further three points could be obtained by describing the (appropriate) randomization, (appropriate) double-blinding method and the study withdrawals. If study report was brief (e.g. only abstract available), methodological quality was not assessed.
Outcome reports were extracted independently by two reviewers (LK and AH). Any disagreement was resolved by discussion.
In case of insufficiently reported data, standard deviations were substituted. The estimation was based either on figures presenting confidence intervals, standard errors or standard deviations or on other studies with the same agent, which reported s.d. for treatment and placebo group. Means and sample sizes were not substituted, insufficient reporting led to study exclusion.
Statistical analysis
The outcome of the present meta-analysis was the Erectile Function (EF) domain score of IIEF. 17 We
Efficacy of PDE-5-inhibitors for erectile dysfunction MM Berner et al chose this parameter because of several reasons. First, it is collected from the patient, providing direct data from the affected person. Second, it is a psychometrically tested instrument that validly and reliably measures several aspects of erectile functioning. Third, its continuous character allows a differentiated assessment of the ED (in contrast to categorizing patients in 'responder' and 'nonresponder'), as well as the application of more sophisticated statistical methods. And fourth, it is a widespread assessment of disease severity in efficacy trials concerning ED. The EF domain score can range from 1 to 30. For meta-analysis, weighted mean differences (WMD) between agent and placebo group in the EF domain score after treatment were calculated. As the stringent inclusion criteria probably led to reduced clinical heterogeneity, we also assumed a low statistical heterogeneity in primary study findings. We, therefore, used a fixed-effect model for pooling the data. Statistical heterogeneity was assessed by w 2 -and I 2 -statistics. I 2 indicates the percentage of the heterogeneity in effect estimates that is due to clinical or methodological diversity rather than chance. 19 At the time of performing the present metaanalysis there was no information available from independent high-quality direct-comparative trials. Efficacy of sildenafil, tadalafil, and vardenafil was therefore indirectly compared using formal (statistical) methods suggested by several experts. [20] [21] [22] The chosen procedure bases on the assumption, that agents are comparable through their relative effect vs a common comparator. In the present case it is placebo. In the analysis Bonferroni-correction of level of significance for multiple testing was carried out.
To test for possible publication bias, visual examination of funnel plot (scatter plot of effect size and the reciprocal standard error) was performed.
During the review process it was noted, that the highest fixed-dose regimen in case of tadalafil was not sufficiently defined. In some trials 25 mg tadalafil were administered, although the highest approved regimen in the US is 20 mg. Therefore, a post hoc decision was made to perform a sensitivity analysis with and without these trials.
Data analysis was performed with Review Manager 4.2, the Statistical Package for Social Sciences (SPSS) 11.5 and Microsoft Excel 8.0.
Results
Identification of trials
Literature search retrieved 75 double-blind parallel group RCTs that evaluated efficacy of sildenafil, tadalafil, or vardenafil (see Figure 1 ). For sildenafil, five relevant studies were identified. Three of them were included in the meta-analysis [23] [24] [25] and two were excluded due to insufficiently reported data. 26, 27 A significant number of sildenafil studies were conducted before the development of the IIEF and were consequently excluded. Several studies could not be included due to the usage of flexibledose regimen.
For tadalafil, eight studies were included in the analysis. Three of them were published in medical journals [28] [29] [30] and five were abstracted from the documentation of the US National Food and Drug Administration. 31 Three of these approval studies were already directly pooled in an analysis and published also elsewhere. 10 For vardenafil, three trials were included in the meta-analysis. Two of them were published in medical journals. 11, 12 One of them is an approval study that was also published a second time elsewhere. 11, 32, 33 The third study was extracted from the documentation of the US National Food and Drug Administration. 33 Altogether 14 studies with a total of 4836 patients were included in the meta-analysis (Figure 1 ).
Characteristics and methodological quality of the included trials is presented in Table 1 .
Data synthesis
The main results of the meta-analysis are shown in Visual examination of the funnel plot ( Figure 3 ) suggested moderate likelihood of publication bias both for individual agents and for all studies, although results rest on a limited number of studies.
Sensitivity analysis with the exclusion of studies, in which a tadalafil dose of 25 mg was administered lead to a minor reduction of heterogeneity in the tadalafil study sample (I 2 ¼ 29.2%). Although there was some tendency favoring sildenafil over tadalafil it did not prove a significant effect on pairwise comparisons (sildenafil vs tadalafil: d ¼ 1.50, P ¼ 0.054; tadalafil vs vardenafil: d ¼ 0.65, P ¼ 0.367).
Discussion
The present meta-analysis assesses the efficacy of the three available PDE-5 inhibitors (sildenafil, tadalafil, and vardenafil) for the treatment of ED. Its main limitation results from the fact, that it is not an overall systematic review, but merely a comparative meta-analysis of the best available evidence using the highest possible meta-analytic methodological standards. Thus it cannot provide an overall evaluation of all therapeutic properties of the three oral agents for ED. We aimed merely at one single efficacy outcome, the erectile function domain score of the IIEF. 17 Although it is valid and reliable, in terms of 'objective' clinical epidemiology the best available outcome measure. But it cannot be excluded that other -especially generically createdoutcome measures might have led to different results. In addition, we chose not to evaluate adverse effects and discontinuation rates, although these undesirable outcomes are important for the individual patient decision to favor one treatment over another. Other relevant aspects, such as onset latency, half-life or patient preference, were also not considered.
Nevertheless, some essential statements can be made based on this meta-analysis. First, there is no doubt, that all PDE-5 inhibitors are highly efficacious. An 8.5 point improvement in comparison to the control group is large enough, to successfully treat severe ED. Second, there seem to be possible efficacy differences between agents, mainly the statistically significant superiority of sildenafil over vardenafil. Although it might be too speculative to consider them as clinically relevant for an individual patient choice they might become more important in larger perspectives, for example, in cost-benefit analyses.
Since the comparison was carried out indirectly an important question with respect to the internal validity of the present meta-analysis is the comparability of the studies that evaluate the different Efficacy of PDE-5-inhibitors for erectile dysfunction MM Berner et al agents. The differences that were found might be caused by other factors than the agent itself, such as baseline ED severity, etiology, age, ethnicity, or treatment history. 34 To finally evaluate the likely differences between agents truly independent comparative trials are necessary.
This possible shortcoming with respect to internal validity, however, has some advantage considering external validity, that is, generalizibility of the results. The use of unselected, community-based patient samples with various etiologies, age, comorbid conditions, ethnicity etc. allows to establish an efficacy prove for a broad spectrum of patients suffering from ED. This finding is also supported by a very low heterogeneity in the primary study results. With this respect, the present findings might support evidence not only for efficacy, but to a certain degree also for effectiveness in everyday practice, although highest dosage of these drugs may not be always be used. Effectiveness of the agents is also confirmed in open-label naturalistic studies. [35] [36] [37] After establishing evidence for efficacy and pointing out towards possible efficacy differences, further information is needed in questions that mainly affect patient's compliance and preferences. This might include the effects on quality of life (e.g. effects on relationship issues), likely predictors of (non)compliance (e.g. myths about dangerous side effects) and true patient preferences (e.g. realistic desired frequency of intercourse). Indeed, the most Efficacy of PDE-5-inhibitors for erectile dysfunction MM Berner et al essential step to overcome 'the phosphodiesterase inhibitor war' 6 would be to establish a shareddecision health care model that is oriented towards the patient's needs rather than marketing interests of third parties and a medicalization of the couple's sexuality.
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